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Abstract
In 2009, Morrell Agro Industries (MAI) was formed in Ethiopia with the mission to end
famine in the country through growing imported dryland wheat varieties from the western
United States. MAI entered into a lease agreement with the Ethiopian government for 25,000
ha of land in semi-arid brushland in the Oromia region. The Beltu farm was established at the
location for seed multiplication and demonstration of the dryland initiative concept. From the
first harvest in July of 2010 several challenges arose that prevented the success of the dryland
seed initiative. From high intensity short duration rainfall events on Vertisol soils, to local
violence and government corruption. On-farm research was conducted to understand issues
causing poor crop performance. Test results showed water availability to be the most limiting
factor for crop yields. Poor crop performance, coupled with unexpected government
bureaucracy and the harsh business environment of Ethiopia led to the Beltu farm being
abandoned by 2013 before research could be completed. This report examines the challenges
and opportunities of socially aware entrepreneurship in developing countries.
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Food Security Situation
Currently, it is estimated that one in eight individuals worldwide suffer from
undernourishment, lacking enough food to sustain a healthy life style, and affecting their ability
to work and produce goods. Food security issues cause economic losses, social unrest and
chronic poverty. With a projected world population of 9 billion by 2050, combined with more
erratic weather patterns caused by climate change, food shortages will continue, and demand
on agricultural goods is estimated to increase 60%. Food security is a central issue for many of
the developing nations, especially on the African continent (Sundaram 2012).
The African content has been frequently plagued with droughts, and erratic weather
patterns, keeping large portions of many of the countries at risk of food insecurity. Ethiopia as
a country suffers from chronic food security issues with large portions of the land in semi-arid
to arid climates, making agriculture development a key area of focus for the development of
programs and policies to address food security. In 2010 the Ethiopian government established
the Agriculture Transformation Agency with the mandate to improve the agriculture sector, and
improve the food security situation (“About « Ethiopian Agricultural Transformation Agency,”),
In 2011 the Ethiopian government spent 1.9 billion or 19.7% (one2013) of the national budget
for development of agriculture related programs. Even with the increased spending and
government focus on transforming the agriculture sector, Ethiopia remains as one of the least
developed nations, with large portions of the population still at risk of hunger and malnutrition
due to food security issues.
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Famines have historically plagued Ethiopia 1 that have resulted in over 1 million deaths.
Currently over 34 million Ethiopians are undernourished, equaling 40.2% of the total
population. Of the 34 million undernourished, 68.3% live in the Oromiya and Somali regions
(Figure 1), which are semi-arid regions with dynamic weather patterns (USAID 2011).
Improvements in agriculture in the semi-arid areas of Ethiopia would directly influence
two thirds of the at risk population (Figure 2). Beyond government investment, there are
several private sector and NGO investments that have focused on Ethiopia’s agriculture sector;
one of these companies is Morrell Agro Industries PLC (MAI).

Figure 1: Administrative Map of Ethiopia

1

http://worldinfo.org/2012/01/famine-in-ethiopia/
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Figure 2: Map of the general productivity of Ethiopia as a whole. Credit:
http://ethiopia.usaid.gov/program/feed-the-future
Morrell Agro Industries PLC Ethiopia
Introduction
Morrell Agro industries (MAI) was formed by Paul Morrell after he visited Ethiopia for
the first time in 2008 looking for opportunities where he could help. He set up MAI with the
goal “to end famine in Ethiopia in five years” 2. Paul brought with him on his first visit an
agronomist named Evan Maxfield and livestock expert named Brent Keller to see what ideas
and opportunities were available to help the Ethiopian people. From this visit, several initiatives
were devised on which MAI could focus its efforts.
MAI Initiatives
With MAI’s goal to “end famine in Ethiopia” the company focused on the following
initiatives. Dryland Farming, Seed Production, Personal Gardening, Livestock Production

2

http://morrellagro.com/?page_id=158
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Orchard and Tree Production, Irrigation System and Repairs, Sisal production, and Training. This
report will only focus on the dryland farming and seed production, initiatives.
Dryland Farming
According to the MAI’s website the Dryland Farming initiative was as follows.
“The initial major component of MAI’s plan in Ethiopia was to introduce dry farming and
drought-resistant crops to the local people. These crops included black alfalfa, wheat,
barley, and other forage plants.

Dry farming is not new to the western United States. Dry farm crops have been planted
in Washington, Oregon, Utah, Idaho, Wyoming, Montana, North Dakota, and other
states for over a hundred years. But, the idea of growing crops in the dry season in
Ethiopia was new and created quite a bit of skepticism.” 3

After seeing success with the imported cultivars at the initial testing sites in Kersa Illala,
MAI moved into the next phase to setting up a seed multiplication farm and demonstration site.
The original plan was to purchase an existing state farm in the Robe area from the Ethiopian
government, as well as set up a demonstration farm in a lowland area; but the state farm was
never purchased and the Beltu farm location became the sole site for the seed farm initiative.

3

Johnson, K. 2008. Morrell Agro Industries PLC. Morrell Agro Industries PLC Sowing Seed of Hope and
Prosperity, available at www.morrellagro.com.
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Morrell Agro Beltu Seed Multiplication Farm
In December 2009, MAI entered into an agreement with the Oromia Regional
Government leasing 10,000 ha (25,000 acres) of land for the establishment of a seed
multiplication and demonstration farm as part of MAI’s seed farm initiative 4.
The Beltu Seed Multiplication Farm (Beltu Farm) also known as the “Alyssa Farm” was located
about 274 km southeast of Addis Ababa but was only accessible overland by 624 km of roads
because there was no direct route. The farm’s elevation averaged 1500m which is at the top
end of what Ethiopians call “the lowlands” (Figures 3 and 4). Lowlands were typically not
considered good for production of agricultural goods such as wheat due to the extremes in the
weather conditions. (See Appendix Beltu Farm Development Plan 2012)

4

Johnson, K. 2008. Morrell Agro Industries PLC. Morrell Agro Industries PLC Sowing Seed of Hope and
Prosperity, available at www.morrellagro.com.
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Figure 3. Summary of Key Characteristics of the Beltu farm location.
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Figure 4. Regional level map of the Beltu Farm location. Created by Anthony Richards Credit
ERSI, ethiopia.humanitrianresponse/info.
Very little was known about the proposed location for the farm prior to the lease
agreement. No evaluation criteria were used to determine its suitability for farming. The only
requirement sought was a remote location with few people allowing a large farm to be
established.
Land Clearing
Land clearing started almost immediately after the agreement was reached (Figures 5
and 6). Wes Haws the first project manager at the Beltu farm, was put in charge of the initial
clearing of the native brush and trees, and preparing the land to be plowed and planted. Most
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of the land clearing was done by hand due to the remote location, limited access to large
construction equipment in country, and Paul’s desire to utilize local labor as much as possible.

Figure 5. Picture of land being cleared of brush that was cut and piled by hand then burned in
preparation for plowing. Credit MAI

Figure 6. Crews removing sticks and roots that remained after brush removal. Credit Allen and
Shelly Baum.
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Land clearing was done in three phases, first was the initial clearing done prior to the
first planting in April 2010. Land was cleared without an official demarcation of a farm
boundary by the government. An area would be cleared expanding in each direction until it was
met by local opposition. The clearing crews would then move to a new area and clear until they
again reached an issue. This lead to a random patch work of fields. Land clearing was stopped
due to an increase in violence and security risks and MAI senior management insisted a dialog
with the regional government to try and solve the issues.
The second phase of land clearing resumed as the first harvest started in July 2010.
Similar to the previous clearing process with the exception that regional and local government
officials were present to try and keep the peace. When a dispute arose the land clearing team
was supposed to stop and call the government group to help resolve the issue with the local
residents. This phase ended in August after a MAI employee was severely injured in an attack.
The last phase of land clearing commenced in the later part of 2010 after the Ethiopian federal
government took over the responsibility of the agreement with MAI. An official demarcated
boundary was determined for the Beltu location, and all residents were successfully
compensated and relocated. Brush clearing was done by contracts of 17.3 ac (7 ha) blocks with
local groups using hand tools. The trees and stumps removed under a contract with a
construction company out of Addis Ababa using loaders. This final phase was able to clear, and
plow 1,300 ha within 3 weeks expanding the total farmed land to 8,432 acres (3412, ha) with no
incidents as before (Figure 7).
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Local Violence and Government Issues
Land clearing started off as a slow process with local residents inside the area leased to
MAI refusing to relocate because the government had not compensated them for their land.
When MAI leased the 24,000 ac (10,000 ha) it paid a significant amount of the lease with term
upfront. Part of the agreement was that the government would use those funds to compensate
and relocate the local residents within the farm boundaries. The regional government failed to
meet the agreement until the later part of 2010 when federal government became involved.
MAI also voluntarily paid an additional relocation payment to all of the local residents. Security
risks to the farm and its employees continued until the federal government became involved
and a regional police force was stationed at the farm on a permanent basis. During the initial
land clearing, there were some incidents such a machete puncturing a tractor radiator, or a
group of elders forcing all of the local workers off the farm compound thus stopping all work,
demanding a meeting with farm management. Though the tension was high, no one had been
injured.
On August 23rd 2010, Wes Haws the project manager was out with a land clearing crew
demarcating new land when an angry local group approached them. In the midst of the
confusion a local young man who had not been compensated for his land, came up behind Wes
and hit him in the head with an axe. Fortunately, Wes was quickly evacuated by plane to Addis
Ababa where he received brain surgery by a visiting surgeon. Wes was able to recover after
additional surgeries and months of therapy. He suffered permanent loss of his peripheral vision
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in both eyes.

Figure 7. Map of the Beltu farm including the individual fields and area that remained
uncleaned inside the demarcated boundary. Created by Anthony Richards. Credit ESRI.
After this incident, extensive pressure was put on the government to solve the problem
with the local residents and compensation payments, and to provide proper security for the
12

farm. After the compensation payments were made and relocation was done, the issues
stopped all together.
Geological overview of the area
The Beltu farm was located within the Ogaden basin area of Ethiopia among a Jurassic
aged formation known as the Gabredarre Formation (Figure 8).
“The Ogaden Basin formed initially as part of the Karoo rifting in the Permian (Purcell
1981). In the Late Triassic to Early Jurassic it developed into a sag basin and marine
waters from the newly developed Indian Ocean flooded across the region, extending to
northern Ethiopia, and depositing some 1500 m or more of predominantly carbonates
and evaporates in a vast shallow sea (Landscapes and Landforms of Ethiopia, 2015)”.
According to the map, the Beltu farm is within the Gabredarie Formation a limestone
formation with shaly and gypsiferous units. The geological history of gypsum deposits lines up
with the findings during the soil survey with calcium nodules (gypsiferous units) in the lower
soil horizons described in further detail in the soil structure section of this report.
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Figure 8. Map of the geological formation zones of Ethiopia 1996, with the Beltu farm. Created
by Anthony Richards. Credit EGS 1996, ERI.
Ecology
The Beltu farm location was more known as a pastoral area dominated by shrub brush,
acacia trees and spars patches of quick growing warm season grasses. According to a vegetation
map created by the Vegetationmap4africa Project, the Beltu farm is located in the SomaliaMasai Acacia-Commiphora deciduous brushland and thicket (Bd) class 5 (Figure 9). Kindt (2011)
describes this vegetation class.

5

http://vegetationmap4africa.org/About.html
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“Somalia-Masai Acacia-Commiphora deciduous bushland and thicket is the climax
vegetation type over the greater part of the Somalia-Masai floristic region. It
characteristically is a dense bushland of 3 to 5 m tall with scattered emergent trees up
to 9 m even when canopy cover is less than 40 percent, but where grasses are
inconspicuous (such as the ephemeral species of Aristida adscensionis, Aristida
congesta, Brachiaria eruciformis and Brachiaria leersioides and the short-lived perennial
species of Cenchrus ciliaris, Chloris roxburghiana and Schmidtia pappophoroides) and
most of the phytomass consists of bushes
Investigation of environmental distribution of Somalia-Masai Acacia Commiphora
deciduous bushland and thicket in the VECEA region (Figure 9; limits are for areas of the
VECEA map where this vegetation type is not mapped as mosaic) shows that more than
90% of the samples occur in an interval from 0 – 1500 m. More than 95% of samples
receive between 200 and 1000 mm annual rainfall. This is a considerably wider range
than provided by White (1983, 250 – 500 mm). The rainfall interval of 200 – 400 mm
contains the highest number of samples (39.1%) for this vegetation type, however.”
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Figure 9. Map of the vegetation classes of Ethiopia. Created by Anthony Richards. Credit
Vegetationmap4africa.org, ESRI
The description of the (Bd) vegetation class outlined in Description and Tree Species
Composition for Bushland and Thicket Potential Natural Vegetation Types section (Kindt, 2011)
lined up with the observed vegetation in the area of the Beltu Farm. The above-mentioned
rainfall patterns also line up with the observed patterns at the farm location with bimodal rain
seasons. The (Bd) vegetation class represents 42.41% of the landmass of Ethiopia as well as
large portions of Kenya and Tanzania (Table 1). 6

6

http://maps.vegetationmap4africa.org/ea_pnv.html
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Table 1 Percentage of Ethiopian Landmass by Vegetation Class. Credit
Vegetationmap4africa.org
In regard to finding a location for demonstrating cereal grain cultivars that could be
grown in an ecological or vegetative class that encased large portions of east Africa, the
location of the Beltu farm was optimal, residing in the (Bd) class of vegetation that accounts for
42.41% of Ethiopia (Figures 10, 11, 12).

Figure 10. Image of the landscape prior to clearing for farming. Credit Anthony Richards
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Figure 11. The large less common trees surrounding the farm area. Credit Anthony Richards

Figure 12. Village located along the western side of the Beltu Farm. Credit Anthony Richards

Climate
At the time the Beltu farm was started, little climate data was available to the MAI
team. Discussion with locals informed the farm team that there was two rain seasons, the Belg

18

which is September to November, and the Meher, from April to May. No estimate of the total
rainfall in each season was known at the time, but locals said the Belg was generally the larger
of the two rain seasons.
As issues started to arise with water stress in the various crops, research was conducted
to try and locate information regarding climate of the region around the farm. Local
government meteorological records were collected on rainfall but confidence in these hand
recorded data sets was low with some records indicating rainfall as high as 1000 mm in a single
storm and large date ranges missing.
Available Weather Data
In the first part of 2012 the Ethiopian National Meteorological Agency made available
online analysis and mapping tool. This tool estimated temperature and rainfall for a specified
area from data collected from various remote sensors system. An estimated average
temperature and rainfall by month was calculated for the Legahinda Woreda where the farm
was located (Figure 13).
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Figure 13. Averaged Monthly Precipitation, Maximum and Minimum Temperatures for
Legahinda Woreda. Credit Ethiopian National Meteorology Agency, 2012
According to the estimates generated, there were two distinct weather patterns around
the area of the Beltu farm with an average total precipitation around 300 mm during both
seasons.
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Beltu Farm Weather Data
On Nov 17th 2010 a HOBO micro weather station (Onset Computer Corp, Bourne, MA
USA) weather station was installed on the farm located near the farm houses. The data logger
collected temperature relative humidity, rainfall. This weather station was maintained and
recorded daily information from November 2010 until February 2012. An additional weather
station was added in 2011 that recorded wind speed / direction, solar radiation, and calculated
ET.
Rainfall
Between 2011 and 2012 rainfall data was recorded. Rainfall occurred in a bimodal
pattern with a rainy season occurring between March and May and the second occurring
between August and November, similar in pattern to the ENMA estimate (Figure 14).

Figure 14. Comparison of rainfall observed on the Beltu farm (blue) to the average rainfall
estimate obtained from the Ethiopian National Meteorological Agency (red) for the area. Also
included estimated cropping windows for the farm by crop.
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The main difference between the ENMA estimate and the actual measurements was the
peak of the precipitation received in each season. Both seasons in the Beltu data are just below
100 mm compared to the ENMA estimate of over 140 mm (Figures 15, 16).

Figure 15. Summary of rainfall type, total and rate from Beltu farm summary report.
Temperature / ET

Figure 16. Average maximum and minimum annual and monthly temperatures recorded at the
Beltu farm.
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Soils
Soil Classification and Physical Characteristics
In 2011 due to the lack of existing soil data for the Beltu Farm the agronomy team was tasked
with classifying the types of soils across the Beltu farm. Twenty two soil pits were dug across
the farm (Figure 17). Each pit was dug by hand to the depth of 1.5 meters if the soil profile
allowed. Soil samples were collected from every 15 cm and sent to be tested for physical and
chemical parameters at Jije Analytical Service Laboratory in Addis Ababa.

Figure 17. Map of the 22 Soil pit locations across the Beltu farm used to evaluate the soil
conditions.
Soil Testing Results
Texture
Field measurements of the soil texture were done using the texture by feel method. The
surface texture averaging between a clay loam and a clay. A hydrometer was used to measure
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textures in the lab with clay being the most dominant texture across all but soil pit 1 which was
a loam (Table 2).

Table 2. Summary table of the average soil texture class of each soil pit. Soil pit 12 was excluded
due to being silted by a rainstorm before samples could be collected.
Structure
The majority of the soil structure appeared to be single grain or very small blocky
structure on the surface to larger blocky or columnar structure in the lower horizons. Deep
forming cracks were observed generally all over the farm forming in the dry season. These
cracks were as deep as 1 meter or more fitting a key characteristic of a vertisol soil class
(Figures 18, 19, 20).
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Figure 18. Photo of the horizon transitions in soil pit 3, with the surface being without structure
then transitioning into a blocky structure in the second and third horizon.

Figure 19. Close up of soil pit3 with blocky structure in the 3rd horizon around 70 cm deep.
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Figure 20. Photo of soil pit 5 with the formation of a deep crack down to below 1 meter
indicating characteristics of the soil being a vertisol. Additionally, small pockets of calcium
nodule (white spots) type features appear in the lower horizons that reacted violently with
acids.
The lack of structure and high clay contents in the soil made performing field operations
difficult. Tillage or seeding easily compacted the soils when a nominal amount of moisture was
present. Delaying tillage until the soil was too dry would cause large clods or block soil to be
pulled up, requiring multiple tillage operation to try and break the clods up to allow for planting
(Figures 21, 22). The optimum amount of moisture for tillage operations was a short window
generally only lasting about two weeks after the end of the rain season.
The high clay contents soil made planting difficult. Moisture in the soil caused
compaction as well as the soil would stick to the seeders openers and gauge wheels preventing
them from turning properly. If planting was delayed to await for optimum soil moisture the rain
season would be almost over and the crop would miss critical moisture.
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Figure 21. Large block of soil that would be inverted out of the soil during tillage after planting
in soil that was too wet to plant.

Figure 22. Failed wheat crop that was planted toward the end of the rain season due to
delaying until soil moisture was optimal for planting.
Farm management decided to dormant seed the crops in dry soil starting about one
month prior to the expected rain season. Minimizing the risk of compacting the soil with
equipment and giving the crop optimum opportunity to utilize the entire season’s moisture.
27

The risks associated with this practice included imbibition of seed causing germination before
receiving enough precipitation to sustain the seedling causing it to die shortly after emergence.
It was decided that the risk of compacting the soils and missing critical soil moisture was
greater than the risk of the seedlings dying from lack of moisture just after germination. Crops
were seeded deeper around 2 to 3 inches to require more moisture before it could reach the
seed, and that replanting could be used as an option if the issue occurred.
In spring 2011, a large portion of the wheat crops was planted in February though
March prior to the expected rainfall in April. The area that was planted dry had an estimated
yield of 2.3 bu ac-1 increase than areas planted wet during the rainy season (See Table 3).
Yield Avg
Yield Avg
Total
Total
-1
-1
bu ac
qu ha
Acres
Hectares
Dry planting
5.0
3.4 1396.0
565.2
Wet Planting
2.7
1.8 2194.4
888.4
Table 3. Summary of estimated yield for wheat that was dry planted vs wet planted in spring of
2011 at the Beltu farm.
Permeability and Infiltration:
The soils showed signs of shrink-swell characteristics that limited the infiltration rate as
it became wet. In an effort to better quantify the infiltration rate of the soil, the agronomy
team conducted a series of tests to better understand the infiltration rates of the soil types.
Due to the cost of shipping testing equipment into the country some pieces of equipment
where fabricated on site to the best of our ability. Using scrap pipe from other projects we built
double ring infiltrometers to test the infiltration rate of the various soil.
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Test results with the double ring infiltrometers showed the infiltration rates of the soils
at an average of 2 mm hr-1. With average rainfall rates of 1 in hr-1 (25 mm hr-1) and some
storms exceeding 5 in hr-1 (120 mm hr-1) the soils were incapable of handling the torrential
rainfall patterns that were typical in the area (Figures 23, 24).

Figure 23. Chart and Table summarizing the infiltration testing results, showed a baseline
infiltration rate of 2 mm hr-1, with a sharp decline in infiltration rate with 30 minutes of a
wetting event. Table summarizes the infiltration rate of a saturated column to infiltrate 1 inch
for water. Source: Beltu Farm Research and development Plan.
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Figure 24. chart comparing 2011 storm rainfall rates in mm hr-1 (blue bars) to the base
infiltration rate of 2mm hr-1 (red line). Summary bar graph of total rainfall received and
estimated amount running off the farm due to poor infiltration rate. Source Beltu Farm
Research and development Plan.

Soil Chemical Properties:
PH
pH and Ec were measured on the farm using a Hanna pH EC TDS Meter that had been calibrated
using a standardized calibration solution. pH was measured using a soil saturated paste
method. On farm testing data was incomplete with missing data from several pits at different
horizons and completely missing for soil pit 3 (Figure 25).
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Beltu Farm Average Soil pH and Ec by Soil Pit Number
pH or mS/cm

10
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Average of pH
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0

1 2 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20 22

Soil Pit #

Figure 25. Summary Chart of the Average pH and Ec results from the Soil Pits.

pH ranged from 6.9 to 8.5 with the average pH at 7.57 making the soil to range from slight to
moderately alkaline in nature matching the nature of the calcareous soil characteristics
identified in the field observations.
EC
Soil Ec ranged from 1.06 mS cm-1 to 2.99 mS cm-1 with the average being 1.62 mS cm-1 over the
22 soil pits (Figure 25). This range of EC in the Clay dominant soil texture places this soil in a
slightly to moderately saline condition. These EC levels though, are below the level considered
safe for the growth of wheat and barley at 6.0 and 8.0 mS cm-1 respectively make the soil still
suitable for the growth of many of the cereal grains.
Soil Biological Properties
Before the land was cleared and farmed it was found that the soil lacked signs of aerobic
biological processes, most of the soil lacked an earthy or musty type smell, sometimes a faint
sickening sweet smell common with anaerobic processes could be identified with no smell
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being the most common. As the soil was worked and farmed the soil started to gain more of a
earthy smell.
It was theorized that due to the long dry season, the lack of soil structure and aggregation in
the soil profile, caused a low moisture, low oxygen environment that was not conducive to the
growth of soil microorganisms such as bacteria that is associated with causing soil to smell
“earthy”.
It was found during farming, that some of the crops suffered from severe root rot and other
fungal associated diseases. The theory was that because this area was naturally a vegetative
class dominated by brush and trees that the soil was more fungal dominant.
Burn Spot Phenomenon
With the crop starting to stress and even areas of crop completely failing a pattern emerged
with small circular patches of grain thriving inside large areas of failing crop. It was identified
that each of these circles was a location were brush piled during land clearing was burned
(Figures 26, 27). Theories ranged from the fire sterilizing the soil from diseases to the ash
increasing the water holding capacity of the soil.
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Figure 26. Previous burn spot grain growing amid a total crop failure. Credit MAI agronomy
team.

Figure 27. Another previous burn pile were grain was surviving with crop failure around it.
Credit MAI agronomy team.
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Soil tests were taken from these spots to be tested for both nutrient and biological
factors but due to damage in shipping back to the US, the samples were destroyed by US
customs.
Soil Erosion:
In the process of preparing the soil for being mechanically farmed, the brush and tree
were removed and the soil was tilled using a heavy duty tandem Killo -Built Model 225DOW
disk (Killo-Built 16 Belich Crescent Red Deer County, AB Canada). This process removed all
residual cover from the soil surface leaving it exposed and vulnerable to erosion from both
wind and water. Due to the soil’s lack of structure on the surface, the surface fragile and easily
detached by wind or water. As a result, significant signs of erosion were found across the farm
after storm events (Figures 28, 29, 30).

Figure 28. Sheet and reel erosion caused by torrential rainfall and poor infiltration in a newly
planted wheat field at the Beltu farm. September 2011, credit Beltu Agronomy Team
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Figure 29. Large gulley formed through a wheat field at the Beltu farm. July 2011. Credit Beltu
Agronomy Team.

Figure 30. Rill erosion through a wheat field with infestation of weeds in wheat field at the
Beltu Farm Oct 2011. Credit Beltu Agronomy Team
As part of the lease agreement, the government required 2% of the land to remain in a
natural state. A plan was developed to create naturals areas across the farm where the risk of
soil erosion would be most significant such as drainages. These areas would also serve as
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wildlife corridors for movement across the farm. All the natural vegetation would be left in
these areas to stabilize the soils.
Unfortunately, during some of the land clearing process, poor communication between
different management levels caused some of these areas to still be cleared and prepared for
farming.
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Crops
Introduced Crops by MAI
Part of MAI’s mission was the introduction of imported cultivars of cereal grains, fruit
trees, as well as embryos of western dairy cattle. During the time that MAI was operating in
Ethiopia the company imported over 390 different varieties of cereal grains and types of fruit
and nut trees. Many of the varieties of grains and all of the fruit trees were given to the
Ethiopian Institute of Agriculture Research (EIAR) 7 regional agriculture testing centers for
evaluation and to start the registration process for the eventual sale to the open market.
This report will focus on a few of the cereal grains imported as the main focus of the
seed farm intuitive and main component of MAI strategy to end famine in Ethiopia.
National Crop History for Wheat
Various data sources placed Ethiopian national average wheat yields at around 32.5
bu/ac (22.0 qu/ha 0r 2.2 t/ha). Table 2.32 Below shows the yield gap between the research
centers and the Ethiopian famer.
Regional Testing Center Results
As part of the process for registering new types of seed for sale in Ethiopia they must go
through roughly a two-year evaluation and review process. Seeds under evaluation are grown
at different regional agriculture research centers. Tables 4, 5, 6 and 7 are a summary of results
for four imported cultivars evaluated at three different regional testing center between 20092010.

7

http://www.eiar.gov.et

37

Crop

Area
(M ha)*

Total
National Average On-Station
Production
Yield
Yield
-1
(MMT)*
(t ha )*
( t ha-1) #

On-Farm
Yield
( t ha-1) #

Varieties
considered for
on-station and
on-farm reports

Maize

2.01

6.16

3.01

9.0-12.0

6.0-8.0

BH-660

Wheat

1.63

3.43

2.11

3.5-5.5

2.5-5.0

Dendea

Sorghum

1.71

3.60

2.11

4.2

3.3

Chare

Finger millet

0.43

0.74

1.72

3.1

2.8-2.9

Tadesse

Table 4. Nationally reported average yields compared to yields reported from on-station and onfarm experiments Source: * MMT = million metric tonnes, from CSA (2013) report; # from MoARD
(1995-2011) crop variety register books. 8

8

http://www.yieldgap.org/ethiopia
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Summary of Trials
Location Year
Crop
Variety
Agarfa
2009 Bread Wheat WB 936
Jeffersson
Buck Prunto
Alturas
mean
std
cv%
Goro
2009 Bread Wheat WB 936
Jeffersson
Buck Prunto
Alturas
mean
std
cv%
Goro
2010 Bread Wheat WB 936
Jeffersson
Buck Prunto
Alturas
mean
std
cv%
Ginir
2010 Bread Wheat WB 936
Jeffersson
Buck Prunto
Alturas
mean
std
cv%

DTH

62
57
63
65
61.75
3.4
5.51
60
55
58
57
57.5
1.8
3.62
58
56
58
57
57
0.84
1.67
56
54
58
56
56
1
2.91

DTM
135
134
140
136
136.25
2.6
1.93
133
112
116
109
117.5
9.29
9.12
119
117
115
114
118
2.07
1.9
115
116
117
116
116
0.38
0.7

PLH

STAND%YLD Qt/Ha TKW
HLW
67
65
12.5
30.2
73.2
70
80
18.2
33.9
80
73
75
17
36.7
79.6
70
80
14.5
27.4
75.2
70
75 15.55 32.05
77
2.4
7.1
2.6
4.1
3.3
3.49
9.42
16.4
12.7
4.33
68
66
13.9
29
76
52
65
14.5
34
83.6
66
80
20
37.2
81.2
67
75
23.5
35.6
83.4
63.25
71.5 17.975 33.95 81.05
6.53
6.26
3.98
3.07
3.06
11.92
8.53 25.55 10.45
4.36
85
85
18.5
34.1
82
86
80
15.3
33.9
82
83
80
18
32.2
80
78
85
19.8
31.8
82
85.5
82.5
16.9
34
82
3.28
2.5
1.7
1.11
0.89
4.28
3.49 10.57
3.5
1.2
87
85
29.5
35.4
81.6
84
90
27.2
36.6
82.4
84
85
30.5
37.5
81.2
79
85
28.4
32.4
81.2
83.5 86.25
28.9 35.48
81.6
1.81
1.72
0.95
1.56
0.4
3.97
2.89
4.91
6.26
0.69

Table 5. Summary of the performance of imported cultivars of wheat proposed for registration
provided to MAI by testing center. DTH (days to head), DTM (days to maturity), PLH (Plant
height), STAND% (unknown), YLD QT/Ha (Yield in Quintal / Ha), TKW (Unknown), HLW
(Unknown).
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Variety
WB 936
Jeffersson
Buck Prunto
Alturas

2009
agarfa

Goro

12.5
18.2
17
14.5

13.9
14.5
20
23.5

Mean Yield and Disease Summary
2010
Total Mean Yield
over location and
2009
Goro
Ginir
years
YR %
LR %
15.3
27.2
5s
5s
17.225
18.5
29.5
40s
5s
20.175
18
30.5
Tr
5s
21.37
19.8
28.4
5s
15s
21.55

Disease Summary
SR %
15s
30s
10s
40s

YR %
5s
10s
tr
15s

2010
LR %
5ms
10ms
5ms
20s

SR %
15s
20s
5ms
30s

Table 6. Table of mean yields and diease summary from registration evaluation testing.

Average of

Max of

Min of

Variety

bu ac-1

bu ac-1

bu ac-1

WB 936

29.6

47.0

19.9

Jefferson

29.9

43.3

23.1

Buck Pronto

34.1

48.6

27.1

Alturas

34.3

45.2

23.1

Grand Total

32.0

48.6

19.9

Table 7. Summary of Yields from registration evaluation summary (Table 5) converted to bu ac-1
with average, max and min from combined data over the two years.

The registration process became a major issue for MAI with the research centers
demanding additional time beyond the original two-year window delaying the release of
Jefferson for sale to the public. Exemptions were granted to allow some sales of the seed to
limited number of farmers for on farm evaluations. Jefferson HRS wheat, Goldeneye spring
barley, Aquila spring barley were finally released for sale to the public in 2012, four years after
the evaluation process started in 2008.
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Beltu Farm Location Results
Full scale crops were actively grown at the Beltu farm location starting spring of 2010
until the Fall of 2011. The crops included, Jefferson HRS wheat, Buck Pronto HRS wheat,
Copeland spring barley and local varieties of Safflower along with local mustard, millet,
sorghum chick peas, and faba beans used mostly for green manure crops.
Jefferson HRS Wheat
Spring 2010 Crop
The first crop of Jefferson hard red spring wheat was planted at the Beltu location started on
April 5th 2010.The seed was broadcast planted and lightly incorporated into the soil using a disk
harrow (Figures 31, 32, 33). Broadcast seeding was used as an alternative method of planting
due to the new seeding equipment purchased for the farm had not cleared customs prior to
time for planting. The crop was seeded at around 150 kg/ha along with 150 kg/ha of Urea 42-00 and 100 kg/ha of diammonium phosphate (DAP) 18-46-0 9.

Figure 31. Rented tractor with pull type spreader plating wheat at the Beltu farm in April of
2010. Photo by Alan and Shelley Baum
Idaho Farm in Ethiopia Blog, “The planting has begun!!!! April 5th – 7th 2010”, pub 4/7/2010, Alan and Shelly
Baum, blogger.com, http://idahofarmerinethiopia.blogspot.com/2010/04/planting-has-begun-april-5-7-2010.html
9
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Figure 32. Mixing seed and fertilizer together in a loader bucket prior to filling spreader wagons
for planting at the Beltu farm, April 2010. Photo by Alan and Shelley Baum

Figure 33. Jefferson HRS Wheat emerging about 1 week after planting. Credit Alan and Shelley
Baum

Planting of the first crop of Jefferson HRS wheat was completed by April 21st with an estimated
3,000 acres in total planted area (Figure 34).
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Figure 34. Planting area map from April 2010 planting created by Alan Baum. No area
calculation was included in the map. Credit Alan Baum.
Insect Issues
As the wheat started to head out armyworms were spotted on some of the wheat
(Figure 35). Due to the lack of any larger mechanical spraying equipment a team of backpack
sprayer was used to treat the infestation (Figure 36)

Figure 35. Armyworms damaging wheat crop at the Beltu farm in May 2010. Credit Alan and
Shelley Baum
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Figure 36. Team of backpack sprayers applying insecticide to treat the armyworm infestation on
the wheat at the Beltu farm in May 2010. Credit Alan and Shelley Baum
Insect issues continued to plague the wheat crop every season during the entire length
of the project. Armyworm population quick reached threshold levels each season with multiple
hatchings on a single crop requiring multiple insecticide applications. (Figure 37)

Figure 37. Armyworm collected during scouting using a standard 10 sweeps patern with a net.
Harvest
Harvest of Jefferson HRS wheat started in July 2010, due to issue with customs none of
the combine harvesting equipment had arrived to the farm in time for the first harvest. A local
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Ethiopian custom harvesting company was hired to harvest the first crop. The combines
consisted of mostly Claus combines with straw walkers for the separating operation of the
combine and smaller 14 ft wide ridged heads (Figures 38, 39). The Company also had a new
Massey Ferguson combine that also had straw walkers imported from Brazil. Many of the
machines were in working conditions but in need of repairs.

Figure 38. Claus combines hired to harvest the first crop of wheat at the Beltu farm in July 2010.
Credit Alan and Shelley Baum.
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Figure 39. General condition of the combine header with broken sections and guards.
The harvested grain was originally stored as piles on the ground due to the lack of any other
viable storage option on the farm. Within a few weeks after harvest the farm received a silo
bagging machine (Figure 40) that had been imported to serve as a safer storage option awaiting
the grains silos and warehouse planned to be built at the farm.

46

Figure 40. Moving spring 2010 harvest from the ground piles to the silo bags for storage while
awaiting the building of the grain silos. Credit Morell Agro industries.
Spring 2010 Yield
The Spring 2010 harvest was transferred into the soil bags, filling a total of two
complete silo bags as well as small portion of a third. It is estimated that a silo bag capacity is
around 8,000 bushel 10. It was estimated a total of about 16,400 bu (4,400 qu) were harvested
during the first season. Due to the short height of some of the crop only an estimated 1480 ac
(600 ha) was harvested, making the average yield for the first crop to be estimated at about
11.0 bu ac-1 (7.3 qu ha-1).
Fall 2010 Crop
Jefferson HRS wheat was planted starting September 1st 2010 using the recently
imported John Deere (Moline, IL USA) 1890 air seeder with 10” (25cm) row spacing along with

10

https://ag.tennessee.edu/EPP/Redbook/Bags%20bs%20Bins%20What%27s%20the%20Difference.pdf

47

fertilizer units spaced 20 inches apart between drill rows along with a 1910 commodity cart
with 2 tank configuration with 550 bushel capacity. (Figures 41, 42)

Figure 41. Loading the John Deere 1910 Commodity cart with seed for planting Sept 2010.
Credit Alan and Shelley Baum.

Figure 42. Loading the air seeder by hand with 100 kg sacks of seed September 2010. Credit
Alan and Shelly Baum.
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Without any equipment or facilities for bulk handling of seed and fertilizer everything
was done by hand loading one sack at a time. Ethiopian government law dictates that all seed
and fertilizer be sold in 100 kg (1 qu) sacks which made handling of sacks at minimum a twoman job (usually four-man). It required about 3 hours each time to load the commodity cart,
which otherwise would typically take 30 minutes to load by bulk. Planting was completed by
the first week of October 2011 with roughly 3,700 ac (1,500 ha) planted (Figure 43)

Figure 43. Planting Map showing land planted in Jefferson HRS wheat fall of 2010. Created by
Anthony Richards. Credit Alan Baum, ESRI.
Fall 2010 Yield
The agronomy team collected head and seed counts to be used to estimate yields across
different areas of the farm (Table 8). A 1 ft2 transit was used to subsample number of wheat
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heads growing in an area. Five wheat heads where threshed out at each location an averaged to
give a number of seeds per head. Below is an excerpt from an internal crop report for the 2010
farm wheat crop titled Crop Yield Report Fall Crop 2010 dated 12/15/2010.
“Before harvesting, head counts along with seed per head counts were performed on 24
areas of the farm… The average length of the head was 4.6cm, along with average of
28.6 heads per square foot and 17.6 seeds per head. Using a 1000 kernel weight of 24.3
g, a calculation of 18666.3 seeds per lb was obtained, combined together with average
head and seed numbers gives a total farm average of 12.3 quintal per ha.”
Fall 2010 Yield Estimates for Jefferson HRS Wheat
average
Average
seeds per
head count
head
Wanjesa 4
20
20.0
Sample 2 W4
17
20.0
Sample 3 W4
12
9.1
Sample 4
19
8.0
Sample 5 W4
22
9.7
Wanjesa 2
14
8.8
Sample 2 W2
14
10.9
Sample 3 W2
17
16.6
Sample 4 W2
18
22.0
Sample 5 W2
13
11.1
Sample 1 W3
14
11.5
Sample 3 W3
15
6.8
Sample 1 W4
13
10.0
N of Camp
14
26.5
NW OF Camp
18
15.3
E of Camp
17
19.4
NE of Camp
20
19.8
SE of Camp
20
21.2
SE of Camp 2
20
22.0
SE of Camp 3
20
25.1
NE of New field
15
23.8
NW of New Farm
20
20.5
NW of Farm2
22
31.1
NW of Farm 3
38
23.2
average
Average
Field
seeds per
head count
head
Min
12.0
6.8
Max
38.0
31.1
Median
17.5
19.6
Mode
20.0
20.0
Avg
18.0
17.2
Field

Number of
seeds per
pound
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
18666.3
Number of
seeds per
pound

bu / ac

qu / ha

15.6
13.2
4.2
5.9
8.3
4.8
5.9
11.0
15.4
5.6
6.3
4.0
5.1
14.5
10.7
12.9
15.4
16.5
17.1
19.5
13.9
15.9
26.6
34.3

9.8
8.3
2.7
3.7
5.2
3.0
3.7
6.9
9.7
3.5
3.9
2.5
3.2
9.1
6.7
8.1
9.7
10.4
10.7
12.2
8.7
10.0
16.7
21.5

bu / ac

qu / ha

4.0
34.3
13.0
5.9
12.6

2.5
21.5
8.2
3.7
7.9

Table 8. Summary of the Estimated Yields by Location for Fall 2010 Jefferson HRS Wheat Crop.
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This yield estimate is in question due to total harvest from that season only reaching
about only 7400 bu (2000 qu) of grain in total, from 2,700 ac (1,100 ha) equaling a yield of 2.72
bu ac-1 (1.84 qu ha-1) instead of the estimated 13,530 qu (1,350 Mg) from the 12.3 qu ha-1
average estimated in field. Some factors identified in accounting for this the yield estimate was
done using 1 ft2 sample area on 10 inch spacing drilled wheat stand instead of sampling a linear
distance of row and calculating on 1000th of ac. This was my fault due to lack of experience in
estimating yield. Another factor was that an estimated 450 ha of the crop was too short for the
combine to harvest without risking damage to the header from debris. These two factors still
seem inadequate in accounting for an 85% difference between the estimated yield and the
actual yield.
Spring 2011 Crop
No documentation could be found to give the exact date of when planting started for the spring
2011 crop. But Sections 2 and 3 were dormant planted in Jefferson HRS wheat into dry soil
starting around the first part of February. Sections 1, south of the camp fields and the well
fields were planted wet after the rain seasons started. In total 1396 acre were planted dry and
2194 acres were planted wet.
A test plot of different barley wheat cultivars was planted in the southwest corner for an
evaluation test on the farm, but due to a complete crop failure, little documentation could be
found (Figure 44).
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Figure 44. Map of Spring 2011 Planting. Created by Anthony Richards. Credit ESRI, Google Earth
Harvest
Prior to harvest the agronomy team collected 126 different sample points across the
farm to estimate the yield for Jefferson HRS wheat. Numbers of heads were counted on a 1m
long row at each location with 10 heads being threshed, and the number of seeds counted to
determine an average number of seeds per head for the location. The average yield was
estimated to be 22 bu ac-1 (14.8 qu ha-1). When compared to the yield data collected from the
harvest monitors in the combine, again this yield estimate data was significantly off from the
monitor data (Tables 9, 10).
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Summary of Yeild Estimates for Jefferson HRS Wheat Spring 2011

min
max
median
mode
Avg

Head count
/m

Seed
count /
head

Seed per m

26
176
92
100
91

13
55
32
32
32

169
3,168
1,386
1,200
1,484

Seeds per
Est Kg of Seed per
Est Seeds per
1000th of
Ha (based on
Ha
Ha
41,151 seeds/kg)
6,760
126,720
55,440
48,000
59,344

6,760,000
126,720,000
55,440,000
48,000,000
59,344,409

164
3,079
1,347
1,166
1,442

lbs per ac

Est Qu per Ha Est Bu/ac

148
2,780
1,216
1,053
1,302

1
28
12
11
13

2
46
20
18
22

Table 9. Summary of the yield estimate for Jefferson HRS wheat at the Beltu Farm during the
Spring.
Combine Yield Monitor
The 2011 spring crop season was the first that utilized the GSP and yield monitor system
on the John Deere combines. Yield data was extracted from the onboard system using the APEX
program by John Deere (Moline, IL USA). Unfortunately, the yield monitoring system was not
able to be fully calibrated due to no high capacity scale being present on the farm to measure
the calibration loads. This makes accuracy of the yield data suspect.

Buck Pronto
Section 2
Jefferson
Section 1 East
Section 1 West
Section 2
Section 3
South of Camp
Wanjesa
Well Field
Grand Total

Average of Yield
Bu ac-1
1.9
1.9
3.6
2.1
0.8
4.6
5.2
4.3
4.4
1.6
3.4

Average of Yield Qu
ha-1
1.3
1.3
2.4
1.4
0.5
3.1
3.5
2.9
3.0
1.1
2.3

Table 10. Summary of Yields for Spring 2011 by field determined by the combine yield monitor.
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Without a truck scale at the farm to weigh the harvests as they occurred there was no
way of determining the actual yields.
Fall 2011 Crop
Due to the poor performance of the wheat cultivars, the farm team decided to utilize
safflower in hopes of breaking the disease cycle of root rot with a drought tolerant crop that
had good local and as export market. Additional green manure crops were planted on some
trial fields to try to improve water infiltration. Some other areas of the farm were left fallow to
see if they could carry water over into a spring planting (Figure 45).

Figure 45. Map of the crops and green manure test planted fall 2011. Created by Anthony
Richards Credit, ESRI, Google Earth.
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Harvest
Harvest Started on December 6th, 2011 with the wheat being harvested first. Safflower was
next starting Jan 17th, and Sorghum was last being harvest on Jan 20th, 2012. Yield data was
collected using the onboard yield mentoring system on the combine. Because there was no
high capacity scale the yield monitors were not fully calibrated.
Wheat
Jefferson HRS wheat was grown under four different treatments, a control planting rate (87 kg
ha-1), double drilled planting rate (200 kg ha-1), treated with fungicide, and a patch of volunteer
from previous season. Overall the wheat still suffered from symptoms of root rot regardless of
seed treatment. Table 11 reports harvest results taken from a harvest report dated Feb. 5th
2012 11.
Wheat
Area
Total Harvested
Avg yield
Sec 1 Yield (87 kg ha-1) seeding
Well Field (200 kg ha-1) seeding

325 ac
1450 bu
3.9 bu ac-1
5.9 bu ac-1
1.5 bu ac-1

131.5 ha
981 qu
2.7 qu ha-1
4.0 qu ha-1
1.0 qu ha-1

Table 11. Summary of harvest total for wheat at Beltu farm Fall 2011.
The 200 kg ha-1 treatment declined significantly in yields compared to the wheat planted at the
typical rate of 82 kg ha-1 used on the Beltu farm. 200 kg ha-1 is the typical seeding rate for local
farmers in the area.

11

MAI Report, 3rd quarter 2011 Crop Harvest Report, Anthony Richards 2/5/2012.

55

Safflower
Safflower was the largest crop planted in fall of 2011. The safflower plants themselves
varied greatly in height with some field having safflower plants over 1m in height. Yet when the
harvest started, many of the safflower heads were empty, or the seed inside the cover was
severely shrunken.
During the harvest, due to the extremely dry soils and design flaws in the engine
compartment of the combine, chaff from the safflower collected on the exhaust system (due to
poor static discharge by the drag chain). This chaff started to smolder, dropped off the exhaust,
and collected in a crevasse below the engine compartment inside the threshing chamber where
it ignited due to air from the blower. Bracken Clark, the operator of the combine at the time,
identified the smoke smell and quickly stopped the combine and used a fire extinguisher to put
out the flame. He drove the combine back to the farm compound the closest source of water to
wash out the threshing chamber to insure the fire was completely extinguished. In the process
of driving the combine back to the compound, the fire reignited itself and melted through a fuel
line engulfing the rear of the combine in flames (Figure 46). By this time, the flames were
impossible to extinguish with the limited equipment on the farm, and the combine was allowed
to burn. Fortunately, no one was harmed.
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Figure 46. John Deere Combine on fire while harvesting safflower.
After losing one of the three combines on the farm to fire, harvest of the safflower
continued with caution. Water tankers were taken to the fields being harvested and the
combines were washed down inside every 4 hours. Even with these precautions multiple issue
of smoldering chaff occurred, leading the farm management to decide to abandon the
remaining safflower crop. About 4,038.5 ac (1,635 ha) were planted in safflower, the GPS unit
put the total harvest area of safflower was 1,430.8 ac (579.3 ha) with 2,607.5 ac (1,055.7 ha)
unharvested.
The loss of the combine and inability to harvest the majority of the safflower crop was a
significant financial blow to MAI.
Sorghum
Sorghum was primarily planted as a green manure crop to help improve soil infiltration
issues. 75.7 ac (30.6 ha) of sorghum was allowed to go to maturity and be harvested for grain.
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Its performance was impressive considering the yield of the wheat and barley, especially
considering it received no fertilizer.
The average yield was 13.7 bu ac-1 but there were areas within the field that yielded as
high as 29.6 bu ac-1 (Table 12)
Sorghum
Area

126.4 ac

51.2 ha

Total Harvested

1,452 bu

391 qu

Avg Yield

13.7 bu ac-1

8.5 qu ha-1

Highest Yielding Areas

29.6 bu ac-1

18 qu ha-1

Table 12. Summary table of grain yield of sorghum.
The remaining sorghum crop was incorporated as a green manure just after flowering using disk
cultivators.
Green Manures
In an effort to try and improve the infiltration of the soil three locally available crops
were chosen. Millet and sorghum were used for their ability to produce large amounts of
biomass quickly along with good drought tolerance. Mustard was chosen for it potential as a
bio fumigant, though research only showed its usefulness in controlling nematodes, the hope
was it might help break the diseases cycle of the root rot. Additionally, a fallow field was
included to determine if summer fallow type practices could store water to the following crop
the next season (Figures 47, 48).
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Figure 47. Mustard green manure crop. October 2011

Figure 48. Sorghum green manure crop. October 2011
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No image of the millet green cover crop could be found in the available files.
The green manure crops established nicely and grew rapidly as expected. The millet
started to show signs of water stress earlier than the sorghum or mustard. None of the green
manure crop roots seemed to be affected by root rot as the wheat and barley were. The
mustard crop, though, suffered a heavy infestation of armyworms that required it to be sprayed
with insecticide.
Soil moisture content
Soil moisture was monitored in the green manure and fallow fields along with safflower
and wheat stubble. A surface sample along with a sample at 75 cm deep were taken and
moisture content was determined using the gravimetric method. Samples were collected from
December 2011 when the green manure crop was terminated until February 7th which would
have been the planned date for dormant planting the wheat in dry fields prior to the start of
the rain season in March (Table 13, Figure 49).
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Table 13. Average gravimetric soil moisture (%) in different soil moisture management
practices.
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Figure 49. Chart showing the gravimetric soil moisture (%) at the surface and 75 cm deep for
soil moisture management practices.
It was recommended that further research investigate the use of green manure or cover
crops to increase soil moisture carry over from season to season, but the project ended within
one year of this preliminary data and it was never pursued.
Small Farmer Yield Results for Jefferson HRW
Jefferson HRS wheat variety was introduced, and was well accepted by local farmers in
different areas of Ethiopia. With the yield issues at the Beltu farm, and delays in registration of
Jefferson wheat by the research centers, the agronomy team was tasked with monitoring

62

farmers in the areas around the country that were allowed to plant Jefferson HRS wheat under
an exemption from the government. (Tables 14, 15)

Variety /
Rainfall

Avg. Yield in
Bu ac-1

Avg. Yield
in Qu ha-1

Max Yield
Bu ac-1

Min Yield
Bu ac-1

Jefferson
450
500
650
700
750
500-850
750 -1000
Grand Total

Max
Yield
Qu ha-1

Min
Yield
Qu ha-1

48.4
49.8
38.7
42.6
40.2
41.6
45.1
43.6

32.6
33.5
26.0
28.7
27.1
28.0
30.3
29.3

59.5
65.4
38.7
53.5
66.9
47.6
47.6
66.9

40.0
44.0
26.0
36.0
45.0
32.0
32.0
45.0

44.6
37.2
38.7
29.7
17.8
29.7
44.6
17.8

30.0
25.0
26.0
20.0
12.0
20.0
30.0
12.0

Table 14. Summary of the yield data collect on local farmers growing Jefferson HRS wheat
harvest July 2011 in the Showa Zone of Ethiopia.

Rainfall
300-500
350-400
500-600
600-700
650-750
750-800
750-980
800-900
850-900
950-1200
Grand Total

Average
of Yield
Bu/ac
24
37
47
36
35
43
41
39
21
47
38

Average of
Yield Qu/ha
16
25
32
24
24
29
28
27
14
32
26

Max of
Yield Bu/ac
24
37
47
37
35
52
41
43
21
47
52

Max of
Yield
Qu/ha
16
25
32
25
24
35
28
29
14
32
35

Min of
Yield
Bu/ac
24
37
47
35
35
35
41
35
21
47
21

Min of
Yield
Qu/ha
16
25
32
24
24
24
28
24
14
32
14

Table 15. Summary of yields for farmers growing Jefferson HRS wheat in the Rift Valley in 2011.
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The yield data from the local farmers in most areas throughout the country, even in
similar annual rainfall amounts as the Beltu farm, were above the national average, ranging
from 38 to 43.6 bu ac-1 on average.
Beltu Farm Research & Development Plan 2012
After two years of unsuccessfully producing a crop with yields necessary to provide
adequate income to maintain the project, the management team was tasked with the
development of a research plan that could assist in finding solutions to the issues discovered
over the previous seasons. The following is summary components of the plan. The testing phase
of the plan was started with the installation of the irrigation test plots and drip system, the
layout of the larger field plots was completed and planted the first season, but due to lack of
funds, the tests were never completed. The entire farm team was laid off by the later part of
2012 (See Appendix Beltu Farm Research & Development Plan).
Only the sorghum that was planned for planting during the 2012 spring in the large field
plots was completed (Figures 50, 51), along with the irrigated crop trials through to October
2013. By the end of 2013, MAI’s Beltu farm location was shut down.
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Figure 50. Map of the Planting Plan for Spring 2012. Only Sorghum would be planted during the
Spring Season The remaining would be in fallow until fall.

Figure 51. Map of Planting Plan for Fall 2012.
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Mitigation of Soil Infiltration Issues:
With the soil texture being dominated by shrink-swell clay and a slow infiltration rate,
combined with an average slope of 3% loss of critical moisture to runoff and severe water
erosion were major issues for the farm. Starting in January of 2012 in the small farm, test plots
were developed to evaluate the different options proposed to assist with water infiltration and
reduce runoff and erosion. The options included the following.
Dammer Diker
A dammer diker (Figure 52) was purchased in 2011 for the Beltu farm, from Ag Engineering and
Development Company, Kennewick, WA USA. This implement utilized a series of spoked wheels
with steel paddles on the end to create a small catch basin about 4 liters in size. This implement
is more common in the potato growing regions of Idaho and Washington.

Figure 52. Stock photo of Dammer Diker. Credit: Ag Engineering & Development Company.
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Lister Basins:
The concept of lister basins ( also known as furrow diking) was presented as a potential solution
to the team by Frank Stradling a consultant with Agrarian Research, & Mgt Co, Provo UT USA.
Lister basins are not a new concept to agriculture having been practiced in areas of Texas since
about 1920. Lister basins consist of larger basins created by pulling shovel device that collects
soil in a scoop that inverts itself once full, creating a dike between each basin. This practice is
similar to the dammer diker but the basins are much larger and create more of a raised bed
effect between each lister row (Figures 53, 54, 55).

Figure 53. Stock Photo of a lister basin tool know as the “Rain Saver” sold by South Plains
Implement, Texas & New Mexico USA. Credit Southern Plains Implement.
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Figure 54. Lister basins formed in the large field test plot in spring of 2012.

Figure 55. Lister Basins test field after a large storm on June 13th 2012.
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We found that a similar practice was performed locally by farmer especially trying to grow
maize. The farmers would hand dig catch basins and plant 3 to 5 corn seeds in each basin. The
practices of using hand dug lister basins is practiced in Ethiopia in areas with high clay content
soils.

Figure 56. Local farmers field with hand dug catch basins on April 20th 2012.
Tied Ridges:
The concept was to plow ridges across the contour across the field every 60 ft in strips to
prevent runoff water from gaining significant velocity instead catching it in the ridges allowing it
time to infiltrate. Due to the high rate of rainfall experienced, and water running from unridged
ground between the strips, runoff was still able to form channels and overcome the ridges
causing rill erosion through the test plots (Figures 57, 58).
Due to the high rainfall rates and the flow of water from areas between the ridged strips the
ridges durability was minimal and would require constant maintenance that would be costly
and time consuming.
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Figure 57. Rill erosion cutting through the tied ridges on the large farm test plots.

Figure 58. Additional rill erosion through the tied ridges in the large scale testing plots.
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Geometry Test Plot:
We replicated these same types of geometries in the small farm testing plots to as part of the
testing of different water capture methods (Figure 59).

Figure 59. Water Capture Methods Testing – Small Farm Plots
A sprinkler system with five high flow sprinklers was built to simulate the torrential type rainfall
that was typical in the some experienced at the farm location. A typical rainstorm event of 1-2
inches was applied to the different test plots of each different system including, the dammer
diker, lister basin, and isolation ridges (Figure 60).
Results
Overall it was found that all of the different geometries could hold water in place allowing it to
soak in but the durability of each shape was different. The dammer diker simulation was the
first to fill in with sediment with two to three rainfall events. The lister basin lasted the longest
but still showed sign of degrading after four to five large events. The isolation ridges also were
able to hold water similar to the lister basin but channelized flow along the ridge was observed
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even in the relative flat testing plot in the small farm similar what was observed in the large
scale farm plots (Figures 61, 62, 63).

Figure 60. Rainfall simulator in the geometry test plot.

Figure 61. Simulated lister basin geometry after a test.
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Figure 62. Simulated Dammer diker geometry

Figure 63. Simulated tied ridges geometry after a test.
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The complete testing plan was never fully implemented as the company layed off the majority
of the foreign staff, and eventually abandoned the Beltu Farm site all together in 2013. Some
yield results were collected from 2012 from the irrigated trials which are described in the
irrigated crop section of this report. The larger field testing plots were planted in sorghum as
planned, but poor seed to soil contact from attempting to plant on the different water capture
schemes lead to a crop failure and repeat testing was not done due to lack of funding.
Irrigated test plots
As part of the research and development plan an irrigation trial was set up using a gravity feed
drip system. Several different crops were grown to see what could be grown in the soil type
without water as a limiting factor. Crops included, sorghum, maize, teff, wheat, barley,
soybeans, sesame, safflower, and haricot beans. All of the crops performed well under
irrigation, yet soybean formed severe cankers on the root around the crown (Figures 64, 65, 66,
67, 68, 69).

Figure 64. Grain sorghum grown in the irrigation test plots spring 2012
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Figure 65. Maize grown in the irrigation test plots spring 2012

Figure 66. Soybeans grown in the irrigation test plots spring 2012
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Figure 67. Teff grown in the irrigation test plots spring 2012.

Figure 68. Safflower grown in the irrigation test plots spring 2012
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Figure 69. Wheat grown in the irrigation test plots spring 2012

Jefferson HRS Wheat grown in the irrigation test plots yielded an average of 57.7 bu ac-1 (39.1
qu ha-1) reinforcing the theory that water stress was the most limiting factor at the Beltu Farm.
2012 was the first and only year that the Beltu research and development plan was put in place
and only the Irrigation trial has available yield data collected.
Discussion
Dryland Farm Initiative
According to the MAI’s website the dryland farming initiative was as follows.
“The initial major component of MAI’s plan in Ethiopia was to introduce dry farming and
drought-resistant crops to the local people. These crops included black alfalfa, wheat, barley,
and other forage plants.
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Dry farming is not new to the western United States. Dry farm crops have been planted in
Washington, Oregon, Utah, Idaho, Wyoming, Montana, North Dakota, and other states for over
a hundred years. But, the idea of growing crops in the dry season in Ethiopia was new and
created quite a bit of skepticism.” 12

The above statement appears to have misunderstand the term dryland farm. Though farmers in
the western US have managed to farm in low rainfall areas of the western United States, they
have not been able to farm on no water at all. Additionally, Ethiopia, along with many parts of
the world, has practiced rain fed dependent agriculture for known human history. Though
providing Ethiopian farmers with varieties of grains selected for low rainfall areas was a noble
concept understanding that the concepts of dryland farming is not a novel American idea was
critical for MAI to be successful. The basis for MAI being successful in “Pursuing the impossible
idea to grow crops in a climate where none have thrived before, in order to help end famine
and provide food security in a poor country.” was imported cultivars and new large farming
equipment without fully considering the complex dynamics involved.
Area of Impact
The main focus of MAI was to use dryland farm techniques and cultivars from the western US to
increase production of cereal grains such as wheat and barley in the lowland areas of Ethiopia.
The lowlands are defined as 1500 m in elevation or lower elevation and are considered to be

12

Johnson, K. 2008. Morrell Agro Industries PLC. Morrell Agro Industries PLC Sowing Seed of Hope and
Prosperity, available at www.morrellagro.com.

78

poor areas for crop production. As part of this study a GIS analysis was done of Ethiopia to
determine how large of an area the imported cultivars could impact.
Method
Using the ArcMap GIS program (ESRI 2011. ArcGIS Desktop: Release 10. Redlands CA) the
potential area of impact was determined by isolating all parts of the country with an elevation
1500 m or less. Then, an annual precipitation raster was used to clip all the lowland areas that
received, at minimum, 500 mm or rainfall annually that would allow for a cereal crop to be
grown. The area of impact was further defined by utilizing a food security risk data averaged
from 2010-2012 only considering areas classified as “Stressed” to “Crisis”. Lastly this refined
area was placed over a population density raster layer of Ethiopia to estimate the potential
population within the food crisis area.
Result
It was found that just over 4.2 million acres of Ethiopia is in the lowlands that received at least
500 mm of rainfall annually and was in a food security level of stressed or higher between
2010-2012. It was estimated that over 8.27 million people live with this area (Figure 70)
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Figure 70. Maps showing the separate components utilized to determine the final area of
potential impact and calculation of area along with estimated population living in each food
security class. Created by Anthony Richards.
The area of Ethiopia is 272,896,000 acres, with an estimated 88,174,613 acres of agricultural
land in 2014 13 making the area of impact only 4.7% of the agricultural land. In 2012, Ethiopia’s
population was estimated at 92.44 Million people with 30.2% of the population being declared
undernourished 14 equaling about 27.9 million people. The population in the area of impact
13
14

https://tradingeconomics.com/ethiopia/arable-land-percent-of-land-area-wb-data.html
https://data.worldbank.org/indicator/SN.ITK.DEFC.ZS?locations=ET
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equals only 29.7% of the population considered under nourished. With less than 50% of the
undernourished population, and only 4.7% of agricultural land potential impacted by the
dryland/seed farm initiatives of MAI, it was unlikely the goal of ending famine in Ethiopia within
five years was feasible.
Impact on National Wheat Yields
The local farmer data is limited and should be taken with caution but the average of all of the
farm yields was 40.8 bu ac-1 (27.6 Qu ac-1 or 2.76 t ha-1) 8 bu ac-1 higher than the national
average of 32.5 bu ac-1 (22.0 qu ha-1 or 2.2 t ha-1). This yield though still falls with the range
report by Ethiopian Ministry of Agriculture from 1995-2011 of 36.9 to 73.9 bu ac-1
(25-50 qu ha-1 or 2.5-5.0 t ha-1)15. Without further details, multiple years of study and side by
side comparison to local cultivars across different climate regimes of Ethiopia; it is not possible
to determine if Jefferson HRS wheat was an actual improvement in yields.
Government Issues
As MAI started to work in Ethiopia, it became clear that it would not be easy to work with the
government. High levels of corruption, high duty rates on imports and heavy bureaucratic
process made importing equipment or reregistering of imported cultivars extremely time
consuming and expensive. Mai waited four years for the registration of a few of the imported
cereal grains to be released for sale to the public. Some of the farming equipment that was
imported took near one year to clear customs incurring large demurrage and storage fees.

15

http://www.yieldgap.org/ethiopia
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The Ethiopian government allowed for tax free importing of agriculture equipment but only
allowed 15% of the value of the equipment in parts to be imported tax free, otherwise all parts
were charged 35% tax. This became an issue with the combines where the header of the
combine was considered a separate equipment from the combine. Due to the large amount of
sticks and roots that remained in the fields after clearing, and the low height of the crop at
harvest the farm required a large amount of spare parts for the combine headers. Over 300
sections were broken in the 2010 fall season alone. With only 15% of the combine header being
allowed in tax free parts instead of the combines entire value the tax exemption was used up
quickly.
Though the government issues were frustrating, these issues alone wouldn’t have likely caused
MAI to fail.
Conclusion
Morell Agro industries dryland / seed farm initiative regardless of potential research results
from the local farmer trials was most likely to fail at the Beltu farm location regardless of
information that could have been found in the research and development plan. The reason for
The Beltu farms failure can be summarized into six categories.
1. Location: the farm location was not properly studied prior to concluding the lease
agreement. A few months of researching available information would have led to the
conclusion that the Beltu location was not conducive to starting this type of farming
operation.
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2. Climate: The farm’s climate variabilities were too extreme, intense torrential rainfall and
high rates of ET during the dry season are not compatible with the “dryland farming”
practices of the western United States the initiative was based on.
3. Crop Diseases and Pests: The constant pressure from soil borne diseases on the wheat
and barley crops, High amounts of weed pressure without access to effective herbicides
allowed quick growing warm grasses and Brassicas to compete with crops. Constant
insect pressure and damage without access to effective insecticides. Several external
stresses on each crop without tools to reduce the effects.
4. Soils: The soils with high clay contents and shrink swell characters made it difficult to
farm large scale even when using previously practiced techniques for water capture.
5. Government and Corruption: High taxation of imports, slow and difficult importation
process along with high levels of corruption within both the government and private
sector made doing business very difficult and costly. Additionally, bureaucratic
complexity for such things as registration of new varieties of seed caused years of delays
in official release of the imported varieties.
6. Poor Investiture: From the lack basic infrastructure such as roads to lack of equipment
and parts for large scale mechanized farming and handing of agriculture goods in bulk
made the utilization of modern large-scale equipment costly and time consuming.
The overall concept of importing and selling western cultivars of wheat and barley had
economic validity on paper with the seed prices in Ethiopia at the time being higher than that of
the United States and the country importing an average of 3.1 million MT of wheat needs
annual during the time of the project. But with such cereal grain seed being easily kept and
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replanted by local farmers, the seed market’s long-term viability was questionable. Selling of
the seed production to the processing and milling industries proved to be profitable because of
the high demand for quality cereal grain in the country, but then would fail to fulfil the
company’s mission to end famine through providing better seeds.
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